Introduction
Electrohydrodynamic atomization (EHDA) technique has been widely employed in fabrication of inorganic nanoparticles, 1 thin films, 2,3 deposition of nanoparticle clusters, 4 micro/ nano encapsulation, 5, 6 and production of pharmaceutical particles. 7 It becomes a promising method to produce very fine droplets from liquid by using an electrostatic field and by selecting the proper atomization conditions. The droplets can exhibit a narrow size distribution at the micro-or nanometer dimensions. Polycaprolactone (PCL) and poly(lactideco-glycolide)(PLGA) have been mainly employed to prepare drug-loaded microparticles. Recently, exploration of the EHDA to manufacture microparticles for drug delivery is becoming a new focus of research attention. [8] [9] [10] [11] Wang et al. [12] [13] [14] [15] have explored the impact of a number of processing parameters on electrohydrodynamically atomized PCL and PLGA microparticles, and suggested that the properties of solvent and the concentration of polymeric solution were considered the main reasons causing different microparticle diameters and morphologies. Especially concentration gradient resulting from the solvent evaporation in the procedure of EHDA was related closely to the microparticle shapes. However, no other research has been reported on preparation of polyphosphazene microparticles by EHDA.
Polyphosphazene is a relatively new class of polymer, quite distinctly different from all the biodegradable polymers synthesized so far, due to their synthetic flexibility and versatile adaptability for applications. They are linear polymers with inorganic backbones of alternating phosphorous and nitrogen atoms bearing two side groups attached to each phosphorous atom. 16 Because of such unique characteristics of the structure, Characterization. In general, the intrinsic viscosity and the Martin constant were used to indicate the interaction among polymeric macromolecules as well as the interaction between polymeric chains and solvent. Intrinsic viscosity of the polymer can be calculated following the "one point method".
The Martin constant(K m ) can be determined using Martin The average microparticle diameter was measured by counting 120 microparticles from five SEM observations using image analysis software (Image J, National Institutes of Health, USA).
Statistical Analysis. All data presented were expressed as mean±standard deviation (SD). Statistical analysis was performed using ANOVA followed by Bonferroni comparison, and significant levels were considered at p values ≤0.05. Effect of Solvent on Particle-to-Fiber Formation. Figure 3 shows the effect of solvents on PGPP 1 electrohydrodynamic atomization under different polymeric concentrations. As the PGPP 1 concentration in dichloromethane increased from 3 to 8% w/v, the atomization products showed morphology change from particles to beaded fibers and further to fine fibers (Figure 3(a-d) ). However, particles can be obtained from PGPP 1 / dioxane solutions with the concentration as high as 15% w/v (Figure 3(e-f) ), but the high boiling point and relative slow evaporation rate of dioxane caused the deformation and adhesion of PGPP 1 particles.
Results and Discussion
As is well known, one of the most important factors to determine whether the polymeric solution would be electrospun into fiber or electrohydrodynamic atomized into particles has been identified as the concentration of the solution. 31, 32 It is obvious that the entanglement of macromolecules becomes severe as the solution concentration increasing; in other words, the increase of polymer concentration favors the formation of fibers. 33 The occurrence of polymeric chain entanglement could be adjusted by changing the mixing ratio of dichloromethane and dioxane. In addition, the presence of fast evaporable dichloromethane helped to solidify the electrosprayed particles to prevent deformation and adhesion. As it can be expected, the intrinsic viscosity of PGPP 1 in the mixed solvent decreased and its Martin constant increased orderly with the volume of dioxane increasing (Table 1) . Accordingly, the PGPP 1 dissolved in mixed solvents with dioxane as the major In the course of electrohydrodynamic atomization, the concentration of the polymeric solution has been noted to have a significant impact on the morphology of microparticles.
Under the action of electric force, polymeric solution is drawn from the nozzle, and droplets will form. Then the droplets fall down with solvent evaporation to cause a concentration gradient from the particle surface to the center. Due to the slow migration of polymeric chains toward the droplet center, crusts will be resulted when the surface of the particle solidify. Consequently, if the polymer content is high, small space will be left inside the crust, which will substantially minimize the deformation upon particles. As a result, particles close to spherical shape will be obtained. On the contrary, deformed particles will be resulted due to severe collapse induced by smaller polymer content. Both the photos shown in Figure 3 and Figure 5 can support this theory. As for practical use such as drug carriers, however, it is obvious that more efforts are needed to explore the critical conditions such as molecular weight of PGPP 1 and solvent properties for producing PGPP 1 microparticles with desired morphology. Apparently, as shown in Figure 7 , the release rate increased with the loading content of incorporated RIF increasing gradually, but without significantly initial burst release. And with the percentage of PGPP 2 increased, the RIF release was also accelerated when their drug-loadings were at the same level. One interesting thing was that a nearly linear RIF release curve was obtained at the conditions of 3%wt RIF-loading and weight ratio of PGPP 1 / PGPP 2 being 1/2. Drug release behaviors were closely related to the diffusion rate of drug molecules in the matrix, which was affected by many factors, including molecular weight, molecular weight distribution and hydrophilicity of matrix, as well as properties and content of drug. 36 That more amount of drug was loaded, and/or more content of polymer with low molecular weight was introduced into the microparticles, contributed to the higher diffusion rate of RIF molecules in PGPP 1 /PGPP 2 blending microparticles, thus resulted in faster release.
Conclusions
Biodegradable PGPP microparticles can be successfully 
